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We thank TRIUMF Management
for our partnership

Rei Ito-san stays the office
He takes care of partnership
between Canada and Japan
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~ KEK UPDATE
@ for HK / Muon/ Neutron/ KISS

‘ & New Proposals
KE K (SuperKEKB/ QUP / ILCTN)




1. J-PARC

There are two Rings
RCS 3GeV

MR 30GeV

There are three facilities: MLF, T2K, HD
MLF: Material / Life Science
Facility (muon/neutron) muon acc.

R CS ( M |_ F) " Y x fer|nta Facility (MLF .“,,‘;:_,

o ’
e -
. - o

power achieved to 1MW

— MW-class proton accelerator

%) Muon (u)
Target Nucleus Pion((;; =T
Neutron (n'))mton & O Neutrino (v)
I “) Kaon (K)
pgn ®) * Anti Protdn (g) : : .
il S0iGeT Various particle beams are used:

b Neutron (n)

Ty . We have many synergies with muon/neutron.
Nuclear & Particle Physiés at 50 GeV &E) K E K




Al for Material Science with

Multi-beam
Atomic Electron || Spin
Depth || arrangement || Chemical || state state
0.1 nm

1 nm

10 nm

100 nm

10° | " A
01.8 1.9 20 21

Index |

xﬁ&ﬂﬁk’ﬁﬂlﬁﬁ

XANES VEXAFS

< lb.l:n:d on polarization dependence
‘A/\/Av-/\/‘wlw-
Local structure
Coordination number
Bond length
Debye-Wallar factor, etc.
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We have

5 quantum beams

to understand material
functions and states

Slow Positron (Surface)
> Soft X

> Hard X
- ->
> Muon (Spln) Kojima-san
> Neutron (nuclear)
P Multibeam
i realized
@ Al

BN
-
7,

Start with Material Science
input from various beam studies



19th Feb. J-PARC MR Achieved 1MW 4th Apr. MR Slow extraction Achieved 101kW
(highest power / pulse) (World highest power)

-~ Beam Destinations of Accel. Run 93 26/02/19 10:07:18 4 Beam Destinations of Accel. Run 93 26/04/04 23:18:30
o Ver.2,16h (Dec 2025 Ver.2,16b (Dec.2025)
MEE C d Mod
. . i MR Beam Cycle and Mnded e S eam Cycla ax;|L o ed |
Ace-meode | 392 na | co-mode
LI MacraPulse ' RCS 312%* 125| |MR-A LT MacraPulse ! RCS 1257125 |MB-BeamOn ~
' ' ! KILE <HOE ua O
i ElﬁF jrgg - 0. 7 O MR-NoBearn —//_\\ ' MR 200 ua, [ o~ | |MR-E(E eamRJJ.11)—/
LI : ‘Wil ACE Cyel LI | \{ﬁ HD AL Cycles
oy /\Iﬁ O gas /M0 1296511201 1280 m 0T/ 4/ SEIIE| 14240 m
L~ 1 8 ben [ |p 1004.0 MR 1280 ma 56.0 ma (] O] N O ey seh | | Y773 | MR 4240 m
ilﬁ m/D/D \Jf % " 485me || 602,10 100e7 P /0 4;3::3 %778 M1:i27|| beam to HD
LT et . Sl gt MLF Beam Information MLE Beam Information
L RCs ' MLE-BeamOn|| 710 kW L RCs ' MLF BeamOH] | 785 kw
L1 BD 9idey BNBTD AC P MR Extabt Power Trend {1 hour) -MLE FIRW/MRI, INW > L1 BD 90deg AT MR ExtAbt Power Trend {1 hour)<MLF RINW,/MR1 101
L1 BD100dep ENBTD DG MR InjDmp T PN .. L1 BD100deg <NETD DG MR InjDmp = —]
_____ E.I_E_D_B_CH_:I.;E_ RCS HO Dmp | INU . 1% LT BD 30dep RCE HOEDmp| NILT
= LI BD (dep s
LT BD frdeg MLE NUN TET) iz Fﬁ MLF NUN TGT)
LT MEET1 B nois et HD mA LT MEBT1 P s TeT HD -
LI LEET HDETET) |y du—— L P R T 4 LT LEBT -HD[K'I‘GTJ e I "L LN

> We continue T2K Program until the end of May 2027

(Many thanks for contributions to T2K) Smooth Transition
is crucial

> We start commissioning for HK (1.3MW operation) from
June 2027.

Insight through Accelerators.
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T2/K\

ICRR. . Neutrino oscillation .
Ipstiute for Chomc oy Réssrst

Neutrino Beam

Super-Kamiokande

Unique program

(g) We have 3 layer

of detectors

Symmetric?

A D
T
X
§
.‘1

Asymmetric?

@ ¢ K Q &

295 km!|

HK Far detector Near Detectors are Ready

The tank lining work 1s completed

Neardetectors already
in place & active




IWCD

Ocp PI‘O_] ected sens1t1v1ty to CPV

llIWl TT III[ I Illll

W f |:| '

o[ B Impact of syst

5 sron.after 10yr ~

E : . '---"-"'-.-‘.-

5 oF

o L

A

UOU B

E o
- T2K 2018 syst (ve/v Xsec. ermr4 9%) 7]
FEFETErE BN A AT A AT AT AR oo b by g b

% 1 2 3 4 5 6 7 8 9 10

Hyper-K preliminary .
True normal ordering (known) HK Years (2.7E21 POT 1:3 viV)

sin’(0,5) = 0.0218 sin’(,;) = 0.528 |Am3,| = 2.509E-3

IWCD key detector for discovery of CP violation
We can reduce systematic error on water-neutrino
Interaction significantly.

0 CP=-m/2 (3 years ->2yearsrunforb5o)
-m/4 (10 years -> 5yearsrun for5 o)

Many thanks for contribution to IWCD
IWCD key detector for discovery of CP violation

Insight through Accelerators.
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IWCD (7.71)

foaitl __BoEe SIS S s S . ——

About half of Caison are ready now.
Civil will be ready in the next summer.

Schedule is very tight:

but keep schedule start in
2028 JFY




2. KISS/KISS-1.5/CLARIS and Collaboration with TRIUMF

Many Japanese use ISAC

Toward unexplored neutron-rich nuclei and r-process nucleosynthesis

KEK-TRIUMF Collaboration
B-y spectroscopy

GRIFFIN DAQ system

MRTOF

Precision mass
measurements

;)

KISS-1.5

MRTOF

Precision mass
measurements

B-y detectors
Lifetime & decay
spectroscopy

CLARIS
Actinides KISS Precision collinear
(under construction) laser spectroscopy

Nuclear data to be obtained

¢ Mass € Electromagnetic
& Lifetime moments

€ Decay schemes € Nuclear deformation
€ Charge radii € Fission

) I i &
3
&ﬁ g [Refractory elements

GRIFFIN DAQ system introduced for
KISS B-y spectroscopy in 2020.

» Understanding r-process
nucleosynthesis
> Origin of heavy elements

» Heavy-nucleus structure

-

Ongoing joint
development with TRIUMF

¢ Atomic collision with
Rb vapor
€ Commissioning soon




3.SuperKEKB / Belle i

Interaction

Region
K " ——

3 '|ta!!ar,
K

circumference
Belle |l detector

electron ring

b [ "

' -
positron ring S —“
(4 GeV) -

electron / positron
linear injector

Bell

positron damping ring

Many Interesting Topics,

B2D(*)tv

The world-highest Luminosity updated Now
5.3 x103* cm2s-1 (June. 2026)

Herpmeern
Fasiages
2 Canada Hedson By
Bemg Sea N G|
a g
FFFFFFF
.....
""""""" \
\

.......... \ o
olivia
paraguay

ooooo Chile -
nnnnnnn L
-----
Uruguay
1 Argentin:

e |l Collaboration:

>1200 members from 28 countries/regions

B> Kv v

Jou =t S e Phys Rev. D109, 112006 (2024)
we can Cover! ! ! 0.45 + ? Belle II (362 fb, combined) .
: 1
10N 1 New Hadronic
0.40 .__O-!—
i R — B HL 1 »1, inclusive) States
0.35 | I| o ] lle || I inclusive)
—_ : ] 802
é S { L _._5_ Bollo (711 ﬂ) st\mlloptomc) fo r QC D
0.30 - S H .
"\\\_:\\‘: ;__._ Belle (711 b, hadxonic) (Wlth AI )
.. P BaBas (-118ﬂ 1, semileptonic)
. T 2
\-\':-‘.\ . _E,.— B{Bd.l (42) fb , hadronic) NeW era O pe
. 1
"'-:‘j_‘ ~._ rough Acc ! ! 2' [‘1 (l) é
0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.5 - _
R(D) ) K |_ 10° x Br(BT—K T vir)



https://doi.org/10.1103/PhysRevD.109.112006

We boost up R&D with UBC (we make MOU)

Canadian Groups contribute to Belle-Il

Detector/Physics

Electromagnetic Calorimeter (ECL)

Trigger Development:
Background monitors:

m Belle Il computing:

Large contributions with 7 institutes

Particle ID using
PSD

u =

8

2= 28,1 (NDF=27)

Belle |l
_—

=2 = Shields
for ECL

2 e
) . %700 elle —% F m
» In SuperKEKB tunnel and imbedded in ECL 2 E [155 faen componen e 3 b:itkbfjun ‘
g ell ID: 5598 (br = 0
shield to understand beam backgrounds < B 667U : .g )
S sty - 0173 E monitors in

II|IIII|IIII|I|II|IIII||I|I|IIII|IHI|II

500
400
300
200
100

shields
» High Level Trigger hardware I T

........................... Ml iR S I

» Cloud computing personnel&facilities for data sinwulations ¢ & 10 12 14 16_ 18
and data analysis

Time (us)

Trigger for dark e_

_ sector searches )NYAQA< Victoria cloud computing
* 7 : “._ % provides ~15% of data
Thanks and we need more collaboration analysis & MC production
Canada has proposed the introduction of a polarized R&D on Spin
electron beam to SuperKEKB to enable precise Jf N Rotators:
measurements of electroweak physics “ ) enablesnew
through the "Chiral Belle" initiative. ‘ . = research frontier
Vo with polarized e-

(UniV. Of BritiSh COlom bia) Insight through Accelerators

©KEK
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For Trial of Frontier ( Acc. Collaboration also )

Luminosity frontier

1036
= ~IstTarget @2032

. % KEK and CERN
e start collaboration
— for SupkerKEKB
SuperkEKB | and FCCee.

1035 i f f t
: —KEKB

o LLLTTTTTTTTT] 1] &b

o LI Ll [ [ .

of — e SuperKEKB & FCCee
R have many synergies.

o S S T T T T LEP 2 =
- .

. . -2 -1
Luminosity [cm s ]
w

! LH 1 —e PEP .- ! o o 5 ==
eraeg | £ N e

1
| | | ! °® = L=
1031 F SPEA‘_R = X " . ':. 1 1 i T — @

High beam currents
Nano Beam

High Power Sources
Beam dynamics

_ VEPP-2000

10%° DORIS | | TRISTAN |
My | | | |
1970 1980 1990 2000 2010 2020 2030

YV V VYV VY

Insight through Accelerators.
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4. Quantum Center (QUP) in KEK starts

Low Noise/ &8
Low BG
are crucial S

| B, é>\
= - i D 4

Director New Building / Experimental Hall
Toshi Azuma
(AMO/muonic atom expert)

Kamioka Branch

Insight through Accelerators.
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Quantum Center play key role in all KEK

"[L TOYOTA CENTRAL R&D LABS Q_Sensor
- Y — Basic Science
B Application /
| Sensor academic- P
TOYOTA Q-Connection industrial International Collaboration
Collab. office 3 )
/ Mat.Lab ©KEK 3¢ Fermilab
NI MS Qu antu m z A lnaomark logotype
Material B
@ AIST |USINg Accl. /WorkshopLab ASPIRE 'C_#¥
onmgs:ézaﬁ%ﬁl:é SClENCE mu It | be am = UTOky (0]

Study Q Material
(Various Quantum
beams prove spin/state

of atom, electron, nuclear)

- Branch: Berkeley, JAXA,TCRDL
KEK's Core Technologies

Quantum Beams,

. S for Basic Sci
Detector R&D, Cryogenlcs, ensor 10r basic ocdience

Gravity
Q-Connection
Dark Matter detection

Superconducting Cavities,
Electronics

Insight through Accelerators.
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1) Quantum Eyes Opening the Weak-Coupling Frontier

Integrating Quantum Sensing for Precision Measurements

Traditional High-Energy Frontier New Weak-Coupling Frontier

@ KEK (Accelerators) (Quantum Eyes)

Pillar 1 Pillar 2 Pillar 3
Fundamental Forces Light Dark Matter Gravity
& Hidden Sectors

* Superconducting » Superconducting

* TES for QED Test Qubits RF Cavities for GW
with Muonic Atoms e Kamioka TES e Atomic Fountain for
* NV Center Diamond Antimatter Gravity

Technology Advancement Platform — Superconducting Detectors | Semiconductor Detectors | CryoCMOS | L

Strategic Driver within KEK | Quantum Research Hub | Global Network (Berkeley « JAXA

Insight through Accelerators.
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UP Collaborati ith . . .
A (e aen v m 2) Q3 X 102 Achieved for Bosonic Qubit
1.3GHz RF cavity for ILC 5.5GHz Cavity Physical Review Applied
' Editor’s Suggestion
arXiv:2510.01819v?2

New stable baking method developed
Q value is world-record (By Factor 2 FNAL)

Bosonic Qubit:

Error Correction and Quantum Operations

Bosonic Qubit ina Cavity Quantum Operations

Photon Loss  Photon Gain  Phase Error

=0 20 AS LD~

-1 Photon +1 Photon Phase Flip

Logical Gates

() 5 i ; - - - - ' — : | -
_° Y & N | Detect & Correct Errors X2 H,ete.
3 L M -8 ] Superconducting _.‘—
é 2 ' Qubit (Transmon) 5 Entangling Operations
- — — Encoded Qubit State ——
4 ¥ o)+ |-a)
-20 0 20 = o —
— IF Frequency (Hz) o, |0)=(a)+I-a)/V2
(=]
I ... V2
; . “315-
6 TS wio TWR S - —
3 B qoref N w10 [00)+[T1) /v2
g E
j‘ﬁ%ﬁp £
O PNACH) E 10° Yy Robust Quantum Information Processing
) . ] Tt ~ TOMS By
ol 20 Thudown (Tmo-domain) 105705 10 15 20 Insight through Ac

Time (s)
107 102 104 108 108 1010 1012 10M (E) K E K
Photon number n



5. Three (Two?) Higgs Factories are proposed now
Power Consumption:120MW

16BSF
(CERN) Power consumption
:300MW

FCC-ee

J (RF) £ D (RF)
O s

Next Target is
EWSB / Self coupling

<4 0 notprecision @
008: 30 bands in 250(_;iev
- M,; =173.3 + 0.8 GeV (gray)
a3z(Mz) =0.1184 + 0.0007(red)
2 0.06 - M, =125.1 £ 0.2 GeV (blue)
LC vision includes all technologies: S ool
SC, HELEN, CCC, CLIC, Plasma ‘
g o.ozf
Energy Recovery Technology could lead to 000l
significantly reduced power consumption |
and much higher luminosity (e* e reuse). ~0.02;
Principle of energy recovery has been ool L L M= et
demonstrated by cERL.: 102 104 105 10% 10" 102 10™ 10'® 10'8 102

W RGE scale p in GeV
H W




Extension of ILC Technology Network (ITN)

ITN is the global collaboration program.

R
FZAXDLE

lllll

U.0xford, U.Hamburg ‘ o
STFC®  ®-3¢ :
c%;gCERN”” \
UCLA:B-w-, T T0C Korea U. FNALe
®INFN Miland*> mEAR g &2 7 AUnARE
IFIC | m o TIH=ABY &im 878 @ prw
5 o
2
A 7
ARZ
A0LET
FPT U B3 S S U, -~ N S, S T SRy Sy~
AN iy # 7
2

S e P

I3

U

We are discussing with CERN / European Labs.
Let’s join R&D for New technology

Current Activities based on
“ILC250 specific” work-package

Nano- SRF
Beam

e-, e+
Sources

Sakai-san will report
ounger Canadian (with EPECR) contributes

KEK/IDT/JHEP would like to extend not only

for
“narrow sense” ILC but also the other R&D

for
cutting edge technologies for Future collider;

HG-SC Cavity, High Q cavity,
Energy Recover, Nano-beam, Powerful
sources.

Additionally
Al operation, Robotics for construction---

Physics for Higgs Potential/ EW SB

Insight through Accelerators.
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2 TRIUMF ()KEK Summary

Young career development program. -] |

(&
| TUESDAY, SEPTEMBER 29
| 9:00¢  Tour« e
Mutual exchange under KEK-TRIUMF Exchange Program ' ARIEL and E-Linac focused (maybe Cyclotron Vault if ambitious)<" |
| e
for Early Career Researchers (EPECR) since 2018 11:300 Strategic Session .
W 2018 [2019 [ 2020 [ 2021 [2022 |[2023 | 2024 | 2025 | 2026 ﬂ | Content TBD<
n /1 11 0/0 0/0 11  2/2 2/2 1/1 2/3 10% 12:30¢ Lunch ‘
a
n—B 0/0  3/6 0/0 0/0 1/1 3/7 2/2  2/3  2/5 13% | 13:30¢ ' EPECR Talks (4 talks - 15 + 5 mins each) e
| - Content TBD< f
|
. | 14:50 Closing= =
We have good/long history e
| 15:00< | Break+ =
. | a [ !
of our collaboration | | N

Now the situation of the world is not good for Science,
Our Collaboration can help us. We have the same ideology.

We keep current collaboration and have chance to extend new topics!

Insight through Accelerators.
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Exchange Program for Early Career Researchers (EPECR)

Eligible: Postdocs & Graduate students | Duration: 14 — 90 days

Number of Exchanges by Year Fields by Year

4 Japan — Canada Canada — Japan

2018 AcCCL (1) —

2019 TUCAN (1) TUCAN (1), Neutrino
(1), 8-2 (1)

2022 TUCAN (1) TUCAN (1)

3
2
2023 TUCAN (1), Material TUCAN (1), Material
Science (1) Science (1), ACCL (1)
1 2024 TUCAN (1), Material TUCAN (1), SKEKB (1)
I I Exchanges II I Science (1)
due to 2025 Material Science (1) Material Science (1),

2018 2019 2020 2021 2022 2023 2024 2025 2026 2026 TUCAN (1), Neutrino (1) TUCAN (1), ACCL (1)
- Japan — Canada ™ Canada — Japan ... o sceientons.

() KEK




Satellite Business (Proton Irradiation Test Facility) — Space Strategy Fund

Project Title:

"Development of a Proton Beamline for Single-Event
Evaluation

Capable of Easily Switching Between Different Energy
Levels and Particle Types"

Start ~2030 JFY

E—LZA>»

gt - Wi < > ;

e p . Beam L!ne for Beam test.
ERRE Beam Line for Kaon Physics:--.
TSR A L ERET - BliE <€ >

IEHREAVNERE - T U 7S «— >

== 52—t - Bt —

To4—RE - HB >

EREERE - Bis < >

Insight through Accelerators.
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Plan of SuperKEKB

1) The Nb3;Sn technology for QCS magnet
2) Design IR region

Three steps

are considered.

First step Second step Third step

2032~
2026 Run LS2

Hardware

Cont. SBL perade o= N

Update Bgam injection
squeezing Beam
Integrated These are not yet approval by MEXT - P

Lumi > 1 abl Integrated (semi hard
Lumi ~ 5 ab! FPGA)

Insight through Accelerators.
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